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[57] ' ' ABSTRACT 

A transducer for sensing density, pressure or pressure 
difference in ?uids comprises a resonantly vibratable 
cylinder as its sensing element. The cylinder has a 
mounting ring at one end, the mounting ring being 
clamped against a base member by means of a spring 
arranged to exert a substantially constant clamping 

' force on the mounting ring. An outer cover ?ts over the 
cylinder, the cover having a ?ange which is directly 

’ bolted to an upstanding annular rim of the base member 
and a depending skirt portion in which the spring is 
integrally formed by machining. 

‘10 Claims, 2 Drawing Figures 
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A TRANSDUCER FoRsENsING A PARAMETER OF 
A FLUID, 

This invention relates to transducers suitable for use 
in measuring the density of or the pressure or a pressure 
difference in ?uids, including liquids and gases. 

‘ The invention relates particularly to such transducers 
of the type in which there is a hollow body capable of 
being put into vibration and, in use, the ?uid or ?uids 
are supplied to internal and/or external surfaces of the 
body so that the frequency of the vibration is a measure 
of ?uid density or pressure or pressure difference. 
Known transducers of this type are described for 

example in UK. Pat. No. 1,277,903, and include a gen 
erally right cylindrical hollow body, a relatively rigid 
base member, means for exciting natural bell-like vibra 
tion of the relatively resilient cylindrical wall of the 
hollow body, and means for generating a signal repre 
sentative of a frequency of said vibration. 
The hollow body of the transducer described in the 

abovementioned patent speci?cation includes a node 
forming portion, and a mounting structure connected to 
the node-forming portion and ?rmly secured to the base 
member, the connection of the mounting structure to 
the node~forming portion being elastically ?exible. This 
way of mounting the hollow body gives very good 
results. However it is an object of the present invention 
to provide a mounting arrangement for the hollow body 
of such a transducer, which mounting arrangement can 
be used either in conjunction with, or instead of, the 
abovementioned way of mounting the hollow body. 
According to the present invention, there is provided 

a transducer for measuring a characteristic of a ?uid, 
the transducer comprising: _ 

at least one hollow body having a relatively resilient, 
_resonantly vibratable, wall; 

a‘relatively rigid base for supporting said body; 
means for exciting resonant vibration of said rela 

tively resilient wall; 
means for generating an output signal representative 

of the frequency of said vibration; and 
means for clamping said body to said base, said 
clamping means being adapted to produce a sub 
stantially constant predetermined clamping force 
between said body and said base. 

The invention will now be further described, solely 
by way of example, with reference to the accompanying 
drawings, in which: 
FIG. 1 is a longitudinal sectional view of part of a 

transducer for measuring gas density and embodying 
the invention; and 
FIG. 2 is a partially exploded sectional view of a part 

of the transducer of FIG. 1, but drawn to a larger scale. 
FIG. 1 shows in section part of a transducer for mea 

suring the density of a fuel gas supply or the like. The 
transducer includes a cylindrical hollow body 11 ap 
plied against a base member 12 by means of a mass 
portion within the hollow body 11. In a preferred em-v 
bodiment the mass portion comprises a node-forming 
portion (or ring) 16 and a mounting structure (or ring) 
18, the mounting structure 18 being connected‘ to the 
node-forming portion 16 by means- of an elastically, 
?exible connection 20. The base member 12 is sup 
ported by means of an annular surface 13 on a ?rst 
shoulder. 22 within a base housing or body 24. 
A drive coil 26 and a pick-up coil 27 serve as means‘ 

for exciting natural‘vibration of the thin cylindrical wall 
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28 of the hollow body 11. These two coils are con 
nected to means for generating a signal representative 
of the frequency of the vibration, which means are well 
knownv ,and essentially comprise an ampli?er (not 
shown) having its input connected to the pick-up coil 27 
and its output coupled to the drive coil 26. The ampli 
?er is mounted in a housing 31 and is connected to the 
coils via four wires, two of which are indicated at 29 
and 301 To permit this, the base housing or body 24 
comprises a central duct 33 in which a connector pipe 
34 is?tted, this pipe being coupled to the base member 
12 by means of a spoolbody assembly 36, the connector 
pipe 34 and the spoolbody assembly 36 both surround 
ing the wires such as 29, 30. 
The spoolbody assembly 36 sealingly engages a 

shoulder 38 in the duct 33 by way of an O-ring seal 39. 
The connection of the coils 26 and 27 to the ampli?er 

assembly is illustrated in FIG. 1. The four wires such as 
29, 30 from the drive coil 26 and the pick-up coil 27 pass 
through the base member 12, the spoolbody assembly 36 
and the connector pipe 34 to resepctive ones of four 
gold-plated pins such as 40, 41 secured in glass seals 42 
in a plug 43. The four pins such as 40, 41 ?t’ and make 
contact within respective ones of four gold plated sock 
ets such as 44, 45, which comprise the four inputs of the 
ampli?er assembly 31. 
The coils 26 and 27 are arranged to operate on the 

thin cylindrical wall 28 of the hollow body 11 at respec- ‘ 
tive'anti-nodes which are equidistant from a nodal line 
that encircles the wall 28 in operation. Moreover, the 
coils 26, 27 and a part of the four wires such as 29, 30 are 
embedded in an epoxy resin to form a cylindrical mass 
48 inside the hollow body 11. 
The hollow body 11 is open at its upper end, which 

has an integral internal ring 46 that serves to de?ne a 
nodal line encircling that end. The ring 46 is coaxial _ 
with the thin wall 28 and surrounds an inlet aperture 47 
for the ?uid whose density is to be measured. The inter 
nal surface of the wall 28 of the hollow body 11 and the 
external surface of the cylindrical mass 48 together 
de?ne an annular circuit 50 extending to the base mem 
ber 12, through which pass one or more of small holes 
52 which communicate the annular conduit 50 with an 
annular space 54 de?ned between the spoolbody assem 
bly 36 and the internal wall of the central duct 33. 
The base body 24 has its upper end 56 an upwardly 

extending annular rim 57 which partially surrounds the 
hollow body 11. A cylindrical cover 58 has a radially 
outwardly projecting ?ange 59 which is applied against 
the rim 57 and ?xed thereto by means of bolts such as 
those indicated at 98, 99. 
FIG. 2 is a longitudinal sectional view of the cover 

58, showing more details than were shown in FIG. 1. 
The illustrated cover 58 is cylindrical and made from a 
metal such as stainless steel, for example, the stainless 
steel sold by Firth Vickers under the designation $143 
or FV520. The cover 58 comprises an upper casing 
portion 60 de?ned within a cylindrical wall 61 closed by 
a flat end face 67. The inside diameter of the cylindrical 
wall 61 is substantially greater than the outside diameter 
of the thin cylindrical wall 28 of the hollow body 11, 
and the height of the casing portion 60 is such that the 
closed end 67 is clear of the upper end of the hollow ' 
body 11 (ie the end having the ring 46) when the cover 
.58 is screwed on the base body 124. In fact the cover is 
designed so as to provide a conduit 93 for ?uid or gas 
between the wall 61 and the closed end 67 of the cover 
and the hollow body 11. 
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The cover 58 also comprises a lower cylindrical por 
tion 62 which meets the upper casing portion 60 in the 
plane of the ?ange 59. The lower cylindrical portion 62 
includes two main parts. The ?rst part 63 is relatively 
rigid, and has a groove 64 in its external surface, the 
groove 64 containing an O-ring which seals between the 
cover 58 and the internal surface of the rim 57. The 
second part 65 includes spring means comprising a plu 
rality of convolutions 66 and 68. 
The convolutions 66, 68 are machined in the material 

forming the cover 58. The annular radially-extending 
surface 69 of the extremity of the lower or last convolu 
tion 66 is arranged to engage an annular radially extend 
ing surface 70 of the mounting structure 18 of the mass 
portion 16, in much the same way as a circular obtura 
tor co-operates with a corresponding seat in a valve. It 
will be noted that good sealing between the surfaces 69 
and 70 is not necessary, because the ?uid whose density 
is to be measured in fact passes through the part 65 via 
communicating means which, in a preferred embodi 
ment of the invention, includes a number of small aper 
tures bored in the bottom of the convolution 68. Only 
three small apertures 71 to 73 are shown in FIG. 2, but 
typically there may be 6 or more, each with a diameter 
of about 1 mm. 
The lower cylindrical portion 62 of the cover 58 ?ts 

inside the circular rim 57 of the base body 24, between 
the rim 57 and the hollow body 11, and the surface 69 of 
the convolution 66 clamps the mounting structure 18 
onto an annular shoulder surface 74 of base member 
surface 51. The convolutions 66,68 effectively clamp 
the hollow body 11 into engagement with the base 
member 12, and also clamp the spoolbody 36 and the 
seal 39 against the base body shoulder 38. 
The axial length of the lower cylindrical portion 62 of 

the cover 58 is selected such that the spring means 
constituted by the convolutions 66,68 is compressed by 
a predetermined amount, preferably slightly beyond its 
elastic limit. This ensures that the clamping force ex 
erted on the mounting structure 18 is substantially con 
stant, and in particular, substantially independent of 
mechanical tolerance errors and thermal expansion 
effects, which results in a more stable resonance for the 
hollow body 11 and hence a more accurate transducer, 
since the forces produced by thermal expansion, for 
example, are not transmitted to the thin wall 28 of the 
hollow body 11, but are absorbed by the spring means 
constituted by the convolutions 66,68. In addition, this 
spring means applies a constant stress on the circular 
surface 70 all around the mounting structure 18, which 
stress is substantially independent on the one hand of 
the torque applied to the screws 98 and 99, and on the 
other hand of the eventual forces transmitted to the 
cover 58, the torque and forces being absorbed by the 
rim 57 of the base body 24. 
With a hollow body 11 as described in the above 

mentioned UK patent speci?cation, the total force pro 
vided by the annular spring means constituted by the 
convolutions 66,68 is about 40 kilograms when the 
cover 58 is completely screwed down onto the rim 57. 
The base body 24 also comprises two conduits 76 and 

78 respectively communicating with a space 81 between 
the rim 57 and the part 65 of the cover 58 and with the 
space 54 mentioned earlier. A fluid inlet 84 is connected 
by means of a ?lter housing 85 containing a ?lter 86 to 
the conduit 76, the ?lter 86 being held in its chamber by 
a spring 87. Likewise a ?uid outlet 88 is connected by 
means of a ?lter housing 89 containing a ?lter 90 to the 
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4 
conduit 78, the ?lter 90 being held in its chamber by a 
spring 91. The conduit 78 communicates with the space 
54 via an aperture 82. 
The embodiment of the invention in FIGS. 1 and 2 is 

particularly convenient insofar as mounting, replacing 
or cleaning its various elements is concerned. Initially, 
an arrangement comprising the cylindrical mass 48 with 
its two coils, the base member 12, the spoolbody 36 and 
the connector pipe 34 containing the wires 29,30 and 
the plug 43 is preassembled. This sub-or pre-assembly is 
then ?tted in the duct 33 of the base body 24, the spool 
body assembly 36 being applied against the seal 39, and 
the base member 12 against the shoulder 22. Next, the 
hollow body 11 is positioned around the cylindrical 
mass 48, the mounting structure 18 being applied against 
the shoulder surface 74. Once this lastmentioned opera 
tion has been effected, the cover 58 is bolted onto the 
rim 57, the extremity 69 of the spring means constituted 
by the convolutions 66,68 being applied against the 
surface 70 of the mounting structure 18. Finally, after 
all these operations, the ampli?er assembly 31 is secured 
to the base body 24, the four pins such as 40,41 ?tting in 
respective ones of the four sockets such as 44,45. 

In operation, the transducer of the present invention 
works in a similar way to the transudcer described in 
the abovementioned UK. patent speci?cation. More 
particularly, in the embodiment described above, the 
?uid flows through the passages comprising the inlet 84, 
the ?lter housing 85 and the ?lter 86, the conduit 76, the 
space 81, the apertures 71, 72, 73, the conduit 93, the 
aperture 47, the space 50, the aperture 52, the space 54, 
the aperture 82, the conduit 78, the ?lter housing 89 and 
the filter 90, and ?nally exits at the outlet 88. 
The passage of the ?uid over the exterior of the hol 

low body 11 and thence to the interior of the body 
eliminates any pressure difference between the exterior 
and interior of the body 11. Consequently the wall 28 
when vibrating is not affected by the pressure of the 
?uid, but only by the density thereof. 
The spring means constituted by the convolutions 

66,68 can be implemented in other ways: for example it 
can be implemented by providing ?rst and second axi 
ally spaced sets of slots extending through the second 
part 65 of the lower cylindrical portion 62 of the cover 
58, the slots of each set being equiangularly spaced 
around the circumference of part 65 and the slots of one 
set being staggered (ie angularly offset) with respect to 
the slots of the other set. 
Although the invention has been described in relation 

to a vibrating cylinder density transducer, it is equally 
applicable to a vibrating cylinder pressure transducer. 

I claim: 
1. A transducer for measuring a characteristic of a 

?uid, comprising: 
means forming a substantially rigid cylindrical base, 

said means having two annular shoulder surfaces; 
a cylindrical hollow body of which a wall is rela 

tively resilient and resonantly vibratable, said hol 
low body including a mounting mass structure with 
two annular clamping surfaces, the ?rst of the 
clamping surfaces being applied against the ?rst 
shoulder surface; and 

a cylindrical cover including an annular spring de 
?ned between two further annular surfaces, one of 
the two said further surfaces being applied against 
the second annular shoulder surface, and the other 
of the two further surfaces being applied against 
the second clamping surface. 
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2. A transducer according to claim 1, wherein said 
one further surface is formed on an annular ?ange bolta 
ble on the said second shoulder surface. ' 

3. A transducer according to claim 2, wherein the 
second shoulder surface is the extremity of an annular 
rim or crown integral with said base, said annular rim or 
crown partially surrounding said hollow body. - 

4. A transducer according to claim 2, wherein said 
flange supports .a cylindrical cover surrounding said 
hollow body. 

5. A transducer according to claim 4, wherein said 
cover, said spring and said ?ange are integrally formed 
by machining from a single piece of metal. 

6. A transducer according to claim 5, wherein said 
metal is stainless steel. ' 

7. A transducer for measuring a characteristic of a 
?uid, the transducer comprising: 

at least one hollow body having a relatively resilient, 
resonantly vibratable, wall; 

a relatively rigid base for supporting said body; 

6 
means for exciting resonant vibration of said rela 

tively resilient wall; 
means for generating an output signal representative 
of the frequency of said vibration; and 

means for clamping said body to said base, wherein 
- said clamping means forms part of a unitary cover 

for said hollow body, a ?rst part of said cover 
including at least one resilient convolution ar 
ranged to clamp said body to said base and a sec 
ond part of said cover being ?xed to said base so as 
to compress said convolution by a predetermined 
amount to produce a substantially constant prede 
termined clamping force between said body and 
said base. ' 

8. A transducer as claimed in claim 7, where said 
convolution includes at least one aperture for the pas 

' sage of said ?uid.v 
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9. A transducer according to claim '7, wherein said 
convolution is machined in saidtunitary cover. 

10. A transducer according to claim'7, wherein the 
cover de?nes a conduit for said ?uid. 

it i ‘l i i 


